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[57] ABSTRACT 

A sawtooth phase comparator is arranged to act as a 
frequency comparator when the frequencies of the 
input and reference signals differ by a substantial 
amount. This is accomplished by using a phase com- 
parator consisting of a flip-flop with first and second 
frequency counters connected between the input 
signal and its SET input, and between the reference 
signal and its RESET input, respectively. Means are 
provided for inhibiting the input signal whenever it 
would cause a signal to appear at the set input of the 
flip-flop when it is already set and for inhibiting the 
reference signal whenever it would cause a signal to 
appear at the RESET input when it is already reset. 
This eliminates the alternating polarity signal which 
prior art comparators produce when the linear portion 
of the transfer characteristic is exceeded. Con- 
sequently, a frequency correcting signal is produced. 

5 Claims, 3 Drawing Figures 
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PHASE AND FREQUENCY COMPARATOR It is therefore an object of this invention to provide a 

. circuit which will modify the operation of the the sim- 

BACKGROUND OF THE INVENTION pie flip-flop phase detector so that it will function as a 

This invention relates to phase-locked loops and, combination phase and frequency detector, 

more particularly, to combination phase and frequency 5 citmMapyofthp ikvfntion 

comparators (PFC), which are useful in phase-locked SUMMARY OF THE INVENTION 

loops. The present invention is directed to expanding the 

In a basic phase-locked loop an input signal and a acquisition range of a simple one flip-flop phase detec- 

reference signal from a local voltage-controlled oscilla- tor with counters by modifying its operation to include 

tor ( VCO) are compared in a phase detector. The out- 10 frequency detection. This is accomplished by inhibiting 

put of the phase detector, representing the difference the SET or RESET inputs when the flip-flop is already 

in phase between the two signals, is then used to vary set or reset> respectively. This invention is particularly 

the output of the VCO in such a way that it is made useful since with ^ addition of a relatively small 

equal in phase to the input signal. One ofthe most basic numbcr of ^ it ^ oy/s for m improvement in the 

types of phase comparators consists of an R-S (Reset- 15 many stems which utilize the one fli fl phase de _ 

Set) flip-flop with the input signal applied to its SET t ector with counters. 

input and I the reference signal applied to the RESET in- In ^ Ulustrative embodiment of the invention, 

put. With this arrangement the width of the^output coumer drcuits ^ Qne of N ^ of the 

pufce of the flip-flop will indicate the phase difference { ^ reference d ^ be Ued to ^ S£T 

between the two signals. The pulsed output is then in- * v jwmct- * * «• n *■ i T u ♦ * 

tegrated in a low-pass filter to generate a dc signal ^^^J^f^ 0 ^ 9 ^ s P^ely. The state 

which is used to control the output of the VCO. ° f ^ n ° P ™{£* QOUnt ™ 18 *"* monitored * n 

The transfer function of ihis phase comparator first ^.^cond AND gates When it appears that the 

resembles a sawtooth pattern which repeats every 360°. counter 18 m a condrt "> n wh ' ch will allow an input pulse 

This can be seen from the fact that the comparator out- 25 t0 reach we SET m P ut when fli P- flo P 18 alread y set > 

put is nearly zero when the two signals have about the first AND wlU cause ^ m V uX P ulse t0 be 

same phase relationship. As the phase difference in- blocked, thus giving the reference pulse an opportunity 

creases, the pulse width increases, causing a cor- to reset flip-fl°P before the next input pulse occurs, 

responding increase in the output of the filter. This **** ^ cond AND S ate performs the same function for 

generates the ramp portion of the sawtooth charac- 30 the RESET line. This prevents the average output level 

teristic. However, if the input signal had been leading from making a dramatic change. Therefore, when the 

the reference signal and the phase error increases to output is passed through a low-pass filter and is biased 

the point where a reference pulse occurs before the about zero, it will remain positive when the input 

input pulse, the circuit will change states and the pulse frequency is higher than the reference frequency and 

width will become small again. This occurs because the 35 negative when it is lower. This, in effect, makes the cir- 

reference pulse has slipped a cycle and is now almost in cuit operate as a frequency detector when the frequen- 

phase coincidence with the succeeding input pulse. cies are not matched and a phase detector when they 

This change of states causes the output of the filter to are. 

drop abruptly to zero, thus completing the sawtooth The foregoing and other features of the present in- 
characteristic. In this type of circuit a dc bias voltage is vention will be more readily apparent from the follow- 
usually applied to the filter so that the characteristic ing detailed description and drawings, 
will be symmetrical about zero. 

When the frequencies of the input and test signals BRIEF DESCRIPTION OF THE DRAWINGS 

differ by a significant amount, the circuit will con- Fia i is a schematic of an illustrative embodiment 

tinually slip cycles and will produce a signal which al- Q f ^e invention* 

ternates between positive and negative values. When na 2 is a timi di m for ^ circuU of RG v 

this alternating signal is applied to the VCO of the ^ 

phase-locked loop, the loop will not be able to acquire FIG. 3 is a transfer characteristic for the circuit of 
a lock since it will not know whether the positive or the _ Q pjQ j 
negative signal is the correct one. This problem is par- 
tially solved by putting digital counters or frequency DETAILED DESCRIPTION 
dividers between the input signal and the SET input, . 

and between the reference signal; and the RESET input FIG. 1 is a schematic of a single flip-flop phase detec- 

of the flip-flop, respectively. This extends the ramp tor, modified to act as a phase and frequency compara- 

portion of the sawtooth characteristic from ±180 tor (PFC) according to the principles ofthe present in- 

degrees to ±{NX 180) degrees, where Nis the division vention. In FIG, 1 the input signal, V lf represented by 

achieved by the divider circuit. Therefore, the acquisi- curve A in FIG. 2, is applied to the normal input of IN- 

tion range has been increased by a factor of N. How- HIBIT gate 10. The reference or VCO signal, V 2 , 

ever, if this expanded range is exceeded, the alternating fi0 represented by curve B in FIG. 2, is applied to the nor- 

signal will still occur. This will usually happen when the mal input of INHIBIT gate 1 1 . Then the output of IN- 

frequencies of the input and reference signals differ by HIBIT gate 10 is applied both to the input of counter 

a substantial amount. In order to correct this situation, circuit 12 and to the first input of two-input AND gate 

a frequency detector must be used to produce a signal 14. In a similar manner, the output of INHIBIT gate 11 

which will control the VCO in such a way that the two 65 is applied to the input of counter circuit 13 and to the 

frequencies will be matched. Then the phase detector first input of two-input AND gate 15. These output 

will take over and cause the VCO output to match the signals from the INHIBIT gates are shown as curves A' 

phase of the input signal. and B' in FIG. 2. The counter circuits (12 and 13) 
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allow one of N pulses of the outputs of the INHIBIT 
gates to pass through them. For the purpose of this em- 
bodiment N is assumed to equal 4. The outputs of the 
counter circuits 12 and 13, represented by solid curves 
C and D in FIG. 2, are applied to the second inputs of 
two-input AND gates 14 and 15, respectively. In addi- 
tion, the output of counter 12 is applied to the first 
input of two-input AND gate 16 and the output of 
counter 13 is applied to the first input of two-input 
AND gate 17. The output of AND gate 14 is applied to 
the SET input of flip-flop 18 and the output of AND 
gate 15 is applied to the RESET input. The Q output of 
flip-flop 18 which is the circuit output, V 3> is applied to 
the second input of AND gate 16 and the Q output is 
applied to the second input of AND gate 17. The Q out- 
put of the flip-flop is the output which has a digital " 1 " 
level when the SET input is triggered and the (J output 
is the one which has a digital "1" level when the 
RESET input is triggered. The outputs of AND gates 16 
and 17 are applied to the inhibit inputs of INHIBIT 
gates 10 and 11, respectively. 

With this arrangement the input and reference 
signals initially pass through INHIBIT gates 10 and 11 
since the outputs of AND gates 16 and 17 will be logi- 
cal "0V\ After passing through the INHIBIT gates, 
these pulses are then blocked by AND gates 14 and 15 
because of the "0" outputs from counter circuits 12 
and 13. However, eventually the counter circuits will 
change states in response to the pulses applied to their 
inputs. This will then allow a pulse from the output of 
the INHIBIT gates to reach the flip-flop causing it to 
change states. In order to accomplish this according to 
the timing diagram in FIG. 2, the counter outputs must 
be delayed slightly relative to the pulses at A'. If such a 
delay does not occur naturally in the counter circuitry, 
it may be added at the counter input or output. 

The phase difference between the two signals is 
represented by the pulse width of the signals at the Q or 
TFoutput of the flip-flop. In this case the output is taken 
from the Q output and it is shown by curve E in FIG. 2. 
If this circuit were included in a phase-locked loop, this 
signal would be passed through a low-pass filter to ob- 
tain a dc control signal and then biased about zero volts 
so that there would be a positive signal for a leading 
phase error and a negative signal for a lagging phase er- 
ror. The effect of the counter circuits is to extend the 
linear range of the phase detector from ±180° to N 
times ±180 degrees. This is shown in the transfer func- 
tion of FIG. 3 where the linear range for N= 4 extends 
from — 4-n- to +47T. 

If the INHIBIT gates and AND gates 16 and 17 were 
not part of the circuit, the Q output of the flip-flop 
would be like curve F in FIG. 2. Since the input 
frequency is higher than the reference frequency, the 
output of counter 12 would be at a higher frequency 
than the output of counter 13. Therefore, it would be 
possible for the flip-flop to receive two pulses from 
AND gate 14 before it receives one pulse from AND 
gate 15. In the timing diagram of FIG. 2, this hypotheti- 
cal situation is initiated with pulse P 0 of curve A. The 
dotted curve C shows the output of counter 12 when 
the INHIBIT gates are not part of the circuit. The first 
dotted pulse allows the pulse Pj to reach the SET input 
of the flip-flop before pulse P 8 . Since the flip-flop was 
already set the pulse P, will have no effect. However, 



when pulse P a arrives at the flip-flop it will cause the 
flip-flop to reset and remain that way until pulse P 4 is 
allowed to pass by the second dotted pulse in curve C. 
As shown by curve F, this causes a drastic change in the 

5 average value of the output signal. Since this signal is 
later integrated and biased about zero, the resulting dc 
control signal will change from a relatively large posi- 
tive value to a relatively large negative value. This 
change is indicated by the path 31 in FIG. 3. The result 

10 of this situation is that, even though there has been no 
change in the frequencies of the input and reference 
signal, the dc control signal changes polarity and 
produces an incorrect signal for the VCO. In general, 
the circuit will continue to slip along its characteristic 

15 curve in this manner, generating an alternating polarity 
signal which prevents the control loop from locking. 

When the INHIBIT gates (10 and 11) and AND gates 
(16 and 17) are included in the circuit, the Q output is 

2Q like that shown in curve E of FIG. 2. In this case, AND 
gate 16 monitors the output of counter 12 and the Q 
output of the flip-flop. When the pulse P x attempts to 
get through to the SET input of the flip-flop, AND gate 
16 causes INHIBIT gate 10 to block it, since the 

25 counter and the Q outputs are both at logical " 1 V " 
This also prevents the pulse P t from reaching the 
counter circuit causing it to remain high for an addi- 
tional period as shown by the solid curve C in FIG. 2. 
Then pulse P 2 passes to the RESET input and the flip- 

30 flop is reset. This causes AND gate 16 to remove the 
blocking signal from INHIBIT gate 10 and allows pulse 
P 3 to set the flip-flop at the next timing period. 

The result of this is that there is only a small change 
in the average value of the output signal when the 

35 linear portion of the transfer characteristic is exceeded. 
Although an alternating signal is produced, it is not 
great enough to change the polarity of the dc control 
signal for the VCO. This is represented by path 30 in 
FIG. 3. Since the signal remains positive, the VCO will 

40 continue to increase its frequency until it matches the 
input signal. Then the circuit will operate on one of the 
linear segments of the transfer curve, and phase 
matching will occur. It should be noted that if the input 
signal were lower in frequency than the reference 

45 signal, the circuit would function in the same manner 
except that INHIBIT gate 11 would be blocking addi- 
tional RESET pulses and the circuit would operate 
along curve 32 in FIG. 3. In addition, it should be noted 
that the amount of ripple shown by FIG. 3 is directly 

50 proportional to the frequency division in the counter 
circuits. Therefore, by increasing the value of N, the 
amount of ripple in the dc control signal for the VCO 
can be reduced. 

55 While the invention has been particularly shown and 
described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that various changes in form and detail may be made 
therein without departing from the spirit and scope of 

£ Q the invention. 
We claim: 

1. A phase and frequency comparator which com- 
pares the phase and frequency of an input signal with 
that of a reference signal and produces an output signal 
65 related to the difference in phase and frequency, com- 
prising: 

means for inhibiting the input and reference signals 
in response to first and second inhibit signals; 
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means for separately counting the pulses of the input 4. A comparator as claimed in claim 3 wherein said 

and reference signals which pass through said switching means comprises: 

means for inhibiting and for producing output a first AND gate for combining the outputs of said 

levels for every Nth pulse; first counter circuit and said first INHIBIT gate; 

switching means, responsive to the outputs of said 5 a second AND gate for combining the outputs of said 

means for inhibiting and said means for separately second counter circuit and said second INHIBIT 

counting, for producing first and second comple- gate; and 

mentary digital signals, the first complementary a reset-set flip-flop having complementary Q and Q 

signal being the output of said comparator; and outputs, the Q output being at a high digital level 

means for generating the first and second inhibit 10 when the SET input is activated and the Q output 

signals in response to the output of said means for being at a high digital level when the RESET input 

separately counting, and said switching means. is activated, the output of said first AND gate 

2. A comparator as claimed in claim 1 wherein said being applied to the SET input of said flip-flop, the 
means for inhibiting comprises: output of said second AND gate applied to the 

a first INHIBIT gate with the input signal applied to 15 RESET input of said flip-flop, the output of the 

the normal input and the first inhibit signal applied comparator and the first complementary signal 

to the inhibit input; and a second INHIBIT gate being the signal at the Q output of said flip-flop 

with the reference signal applied to the normal and the second complementary signal being the 

input and the second inhibit signal applied to the signal at the Q output of said flip-flop, 

inhibit input, the outputs of said first and second 20 5 - A comparator as claimed in claim 4 wherein said 

INHIBIT gates being said pulses which pass means for generating the first and second inhibit signals 

through said means for inhibiting. comprises: 

3. A comparator as claimed in claim 2 wherein said a thud gate for combining the Q output of said 
means for separately counting comprises: flip-flop and the output of said first countercircuit, 

a first counter circuit for producing an output level 25 3,1(1 a fourth AND gate for combining the Q output 

for every A/th pulse from said first INHIBIT gate; °* sa *d flip-flop and the output of said second 

and counter circuit, the output of said third AND gate 

a second counter circuit for producing an output being the first inhibit signal and the output of said 

level for every Nth pulse from said second IN- fourth AND gate being the second inhibit signal. 

HIBIT gate. 3° * * * * * 
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[57] ABSTRACT 

A phase detector circuit for providing an output indica- 
tive of the phase relationship between two input signals. 
The output of the phase detector responds rapidly to 
changes in the phase relationship between the input 
signals and avoids "cycling" when this phase relation- 
ship is less than —Itt or greater than 27T. The phase 
detector includes circuit means for detecting when the 
phase relationship is outside a desired range such as 
proportional phase detectors which operate in combina- 
tion with a differential type phase detector for provid- 
ing the required output. 

7 Claims, 2 Drawing Sheets 
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PHASE DETECTOR CIRCUIT HAVING LATCHED 
OUTPUT CHARACTERISTIC 

This application is a divisional of application Ser. No. 5 
068,877 filed on July 1, 1987, now U.S. Pat No. 
4,801,896. 

BACKGROUND OF THE INVENTION 

The invention relates to radio frequency tuners, and 1° 
more particularly to such tuners which employ phase- 
locked-loops as frequency generation elements, and 
most particularly to phase detectors used in such phase- 
locked loop radio frequency tuners. 

Phase-locked-loops are commonly used in circuits to 15 
produce a precise, stable frequency. They can be used 
both as an oscillator in a receiver to detect signals of 
prescribed frequency and as a frequency synthesizer in 
a transmitter to generate an output signal having a selec- 
tively variable frequency. The basic elements of a 20 
phase-locked-loop (PLL) include a voltage controlled 
oscillator (VCO) for producing an output signal having 
a controlled frequency, a detector for comparing the 
phase of the output signal with that of a predetermined 
reference signal and for producing an error signal repre- 
senting the detected phase difference, and a loop filter 
for filtering the error signal and coupling it to the VCO 
to controllably adjust the output signal's frequency. 

A common use of PLL frequency synthesizers is in 3Q 
frequency hopping radio communications systems 
which are used for secure communications. These sys- 
tems use radio transmitters and receivers which hop in 
synchronization from one frequency to another in a 
predetermined sequence, transmitting and receiving a 35 
small part of a message on each frequency. The security 
of the frequency hopping technique depends both upon 
the choice of frequencies and upon the hopping rate. 
Increasing the hopping rate increases the difficulty of 
unauthorized monitoring stations in determining the $q 
hopping patterns and following the hopping sequence. 

The frequency hopping, rate is limited primarily by 
the time required for PLL's to change from one fre- 
quency to another. The frequency change rate is af- 
fected by a number of factors. For example, the band- 45 
width of the PLL loop filter significantly limits the 
frequency change rate. More relevant to the present 
invention, however, are the limitations due to the phase 
detector. 

Prior art phase detectors of the differential type are 50 
subject to "cycling" outside the desired phase lock 
range as the phase relationship between the reference 
signal and the VCO output signal changes. This results 
in an error signal which varies with phase angle, and 
over several 2ir phase ranges exhibits a triangular, 55 
"sawtooth" waveform. It is the average level of this 
signal which is used to urge the VCO toward the de- 
sired lock-in range. With the triangular waveforms of 
prior art detectors, this voltage, and the resulting slew 
rate, is only 50 per cent of theoretical due to cycling. 60 
The VCO output frequency thus changes more slowly 
than if the peak signal level were used. 

Prior art phase detectors are also subject to an ambi- 
guity since it is not possible to determine from the cy- 
cling phase detector error signal whether the PLL is 65 
within or without the desired lock-in range and thus a 
momentary false lock-in indication is given. Conse- 
quently, there is no positive indication of lock-in, and a 
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transmitter cannot be limited to operation only while 
positively locked onto the selected frequency. 

It is therefore an object of the present invention to 
provide an improved PLL. 

It is another object of the present invention to pro- 
vide a PLL which locks onto the desired frequency 
more quickly. 

It is a further object of the present invention to pro- 
vide a PLL which permits operation of a radio transmit- 
ter only when the PLL is locked onto the desired fre- 
quency. 

It is an additional object of the present invention to 
provide a PLL which provides a smoother change from 
one frequency to another. 

It is still another object of the present invention to 
provide an improved phase detector for use in PLL's. 

It is still a further object of the present invention to 
provide a phase detector which provides a higher level 
error signal for control of a VCO, outside the desired 
lock-in range. 

It is an additional object of the present invention to 
provide a phase detector which provides a positive 
lock-in indication. 

SUMMARY OF THE INVENTION 

With these and other objects in view, a phase detec- 
tor circuit operative in response to first and second 
input signals includes means to generate a signal indica- 
tive of the phase relationship between the first and sec- 
ond input signals and means for decoupling first and 
second input signals from the generating means when a 
detecting means identifies a phase relationship between 
the first and second signals which is outside a predeter- 
mined range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be more fully understood by read- 
ing the following description of a preferred embodi- 
ment thereof in conjunction with the appended draw- 
ings, wherein: 

HO. 1 is a block diagram of a phase locked loop 
circuit employing the present invention., 

FIG. 2 is a block diagram of a phase detector in ac- 
cordance with the present invention; 

FIG. 3 (a&c) is a series of timing diagrams illustrat- 
ing aspects of the operation of the phase detector of 
FIG. 2; 

FIG. 4 (a b,cd) is a series of graphs comparing the 
error voltage produced by phase detectors of the prior 
art and by that of the present invention as a function of 
phase angle 0; and 

FIG. 5 is a graph comparing the frequency change of 
the latched phase detector of the present invention to 
the non-latched phase detectors of the prior art. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Referring to FIG. 1, a phase locked loop (PLL) cir- 
cuit in which the present invention may be used is 
shown. The phase detector 10 of the present invention is 
fed a clock signal R from a reference frequency source 
12 and a variable signal V from feedback loop 14. Phase 
detector 10 provides differential output signals Qr at 
line 16 and Q^at line 18, the state of Qr and Qy being 
representative of the phase difference between signals R 
and V. The difference between Qr and Qvis integrated 
by integrator 20 to produce a DC signal representative 
of the phase difference between signals R and V. 
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The integrator output is passed through a low pass 
filter 22 to remove high frequency components, and the 
resultant voltage is fed to a voltage controlled oscillator 
24 which produces an output signal Fo. 

A portion of signal Fo is fed back to a 1/N divider 26 5 
which in conjunction with an input device represented 
by arrow 28 comprises a tuning apparatus. The output 
from divider 26 is fed to phase detector 10 as signal V. 
L Thus, as the divide ratio of 1/N divider 26 is changed 
by input device 28, phase detector 10 and integrator 20 io 
together produce an error voltage at the input 23 of 
VCO 24 which is representative of the phase difference 
between reference signal R and variable signal V. The 
error voltage changes the output frequency of VCO 24, 
and this process continues until signals R and V are in is 
phase and the PLL is thus "locked in."When the loop is 
tuned to a new frequency by input device 28, and the 
divider ratio of divider 26 is changed, signals R 3 V are 
forced out of phase, and the VCO frequency is again 
changed until a new locked condition is attained. 20 

Referring now to FIG. 2, a block diagram of phase 
detector 10 and integrator 20 of FIG. 1 are shown. 
Essentially, phase detector 10 comprises 2tt propor- 
tional phase, or "type-l", detectors 30 and 32 which 
slave a differential, or "type-2", phase detector 34 as 25 
hereinafter described. Proportional phase detectors 30 
and 32 are well known in the art, and their detailed 
construction and operation will not be repeated here. A 
description of this type of phase detector is found in 
U.S. Pat. Nos, 3,431,509 to Andrea and 4,500,852 to 30 
Phillips, which are incorporated herein by reference. 
Likewise, differential phase detector 34 is well-known 
in the art and is described in application notes for phase 
frequency detector devices MC4344 and MC4044 by 
Motorola Semiconductor Products, Inc., Box 20912, 35 
Phoenix, AZ. 85036, which is incorporated herein by 
reference. 

Normally differential phase detector 34 operates as 
illustrated in FIG. 3. Referring to FIG. 3(a), a series of 
pulses representing reference signal R and variable sig- 40 
nal V are shown having a time varying phase relation- 
ship. Pulses V are shown as negative-going while pulses 
R are shown as positive-going, but it should be under- 
stood that the relative polarities are unimportant and 
may be taken into account using well-known standard 45 
circuit design techniques. Further, although signals R 
and V may actually be square waves in their original 
form, the use of edge-triggered devices in the circuitry 
effectively convert them to the pulse form as illustrated. 
It should be noted that the pulse spacing of signal R is 50 
not equal to the pulse spacing of signal V, to represent 
a frequency difference. Immediately after time to, the V 
pulses lead the R pulses by increasing amounts, until the 
phase difference disappears and they are in phase at 
time tx, and again, at time tAr after another whole cycle 55 
has slipped. 

The outputs Qr and Qyof differential phase detector 
10 are shown 

in FIG. 3(b) and 3(c), respectively. Waveforms Qr 
and Qy comprise a series of rectangular waveforms 60 
whose width is proportional to the phase difference 
between signals R and V. As is characteristic of this 
type of phase detector, the Qr output provides a signal 
when the R pulse is leading the V pulse, and the Qy 
output provides a signal when the V pulse is leading the 65 
R pulse. 

If the pulse streams R and V in FIG. 3(a) were to be 
continued prior to to, the output pattern would be 



repeated the same as between to and t£. Similarly, if the 
pulse streams R and V were to be continued after tN, the 
Qy output pattern would be repeated the same as be- 
tween it and t/v. 

When signals Qr and Qpare integrated by integrator 
20 and filtered by LPF 22, the average voltage at point 
23 varies as shown in FIG. 4(a) as the phase of R and V 
is varied over several complete cycles. Note that the 
integrator generates the integral of the difference be- 
tween Qr and Qy2& indicated by the polarity symbols at 
the input of integrator 20. Note that the waveform re- 
peats itself before —2tt and after +7r. Thus, the differ- 
ential phase detector does not provide a stable lock 
indicator signal within the range L which is defined as 
-27T<0<20. If the output voltage is a level +Vi, for 
example, it is not possible to know whether the phase 
relationship is a point 402, 404, or 406, for example. 
Thus, for any voltage level it is impossible to determine 
whether the PLL is in the lock range L or whether it is 
outside the range L and is merely "cycling." The ambi- 
guity reflects itself in the lock monitor signal shown in 
FIG. 4(6). In addition to the correct lock signal at 408, 
erroneous lock monitor signals are also provided at 410, 
412, 414, and 416. 

Returning now to FIG. 2 the purpose of proportional 
phase detectors 30 and 32 is to detect when the phase 
relationship between signals R and V is outside the 47T 
lock range L [see FIG. Ma)\ and to prevent R and V 
pulses from entering differential phase detector 34 if 
that phase relationship exists. In effect differential phase 
detector 34 is slaved to proportional phase detectors 30 
and 32. More particularly, reference signal R and vari- 
able signal V as previously described are both simulta- 
neously fed to proportional phase detectors 30 and 32. 
Signal R is delayed in the input to phase detector 30 by 
an amount a by delay device 36, and signal V is similarly 
delayed in the input to phase detector 32 by an amount 
B by delay device 36. Delay devices 36 and 38 delay 
signals R and V to compensate for propagation delays 
in the various components comprising phase detector 
10. 

Phase detector 30 operates by searching for two V 
pulses in a row before receiving an R pulse. This condi- 
tion indicates that the phase relationship has exceeded 
the 27r range for that detector. When this condition 
occurs, the "D" input of a flip flop 40 will be in a low 
state during its clock "C" (from input V), which lowers 
the logic level on line 42 and prevents the R pulse on 
line 44 from passing through AND-gate 46 to differen- 
tial phase detector 34 via line 48. A return to the locked 
state occurs when there are two R pulses in a row be- 
fore a V pulse, which causes the U D" input 31 to return 
to a high state during the clock V, thereby allowing the 
differential phase detector 34 to be clocked by R. Thus, 
proportional phase detector 30 and the described associ- 
ated components prevent passage of R pulses to differ- 
ential phase detector 48 if the phase relationship is out- 
side the 2*77 range of detector 30. 

The other one-half of the 47T lock range L is con- 
trolled by a similar circuit comprised of proportional 
phase detector 32, a flip flop 50, and an AND-gate 56. 
Thus if two R pulses in a row are detected before a V 
pulse, flip flop 50 is toggled lowering the logic level on 
line 52, thereby preventing the passage of V pulses from 
line 54 through AND-gate 56 to differential phase de- 
tector 34 via line 58. Two V pulses in a row will be 
detected by the proportional phase detector 32, causing 
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flip-flop 50 to toggle to a high level, allowing V pulses 
to again clock the differential phase detector 34. 

Lock monitor signals are provided by flip-flops 41 
and 51. Flip-flop 41 has its "C" input coupled to the V 
signal on line 29 and its output to line 31 through a delay 
device 43. Similarly, flip-flop 51 is coupled at its "C" 
input to signal V on line 27 and at its "D" input to line 
33 through a delay device 53. 

The Qk and Qk outputs from differential phase detec- 
tor 34 are coupled to the inverting (— ) and non-invert- 
ing (+) inputs 16 and 18, respectively, of integrator 20. 
Integrator 20 is of conventional design, having resistors 
60 and 62 coupled to the inverting and non-inverting 
inputs 61 and 63, respectively, of a differential opera- 
tional amplifier 64. Op amp 64 has a feedback path from 
its output 66 through a capacitor 68 and a resistor 70 to 
inverting input 61, and a corresponding resistor 69 and 
capacitor 71 from the non-inverting input 63 to ground. 
The output 66 of op amp 64 is coupled to low pass filter 
22 (FIG. 1) in line 21. 

The resulting waveform at line 21 is shown in FIG. 4 
(c). Below — 27T the output voltage on lines 21 and 23 
(FIG. 1) for controlling VCO 24 is a constant — Vi, 
while above 2ir the control voltage is a constant +V. 
Thus, for any voltage + V, an unambiguous phase rela- 
tionship 418 is provided and a positive lock-in indica- 
tion is given. In addition, lock-in speed, or slew rate, is 
increased since the average voltage below —2tt and 
above 2ir is greater for the waveform of FIG. 4(c) than 
for that of FIG. 4(a). Specifically, the average voltage 
of the repetitive triangular waves of FIG. 4(c) is only 
one-half that of the constant voltage level of FIG. 4(c). 
This faster tune characteristic is illustrated in FIG. 5 in 
that the latched type detector of the present invention 
provides a more steeply sloped frequency change rate 
than the non-latched type phase detector of the prior 35 
art Further, the application of the stable voltage from 
the latched type phase detector of the present invention 
provides z smoothly varying output frequency F 0 as 
VCO 24 changes from frequency Fi and seeks a new 
lock condition at frequency F2, as illustrated in FIG. 5. 
By contrast the sawtooth lock in voltage provided to 
the VCO by the non-latched phase detector of the prior 
art produces a varying and abruptly changing rate of 
frequency change as the VCO changes from Fi to F2, as 
also illustrated in FIG. 5. 

The lock monitor signal corresponding to the error 
signal waveform of FIG. 4(c) is shown in FIG. Md). A 
positive lock signal 420 corresponding to the 4tt range 
of the detector is provided by flip-flops 41 and 51, in 
comparison to the signal of FIG. 4(6) which is cluttered 
with false indications. 

While particular embodiments of the present inven- 
tion have been shown and described, it is obvious that 
minor changes and modifications may be made therein 
without departing from the true scope and spirit of the 
invention. It is the intention in the appended claims to 
cover all such changes and modification. 

We claim: 

1. A phase detector circuit operative in response to 
first and second input signals having a phase relation- 
ship, comprising: 
means for generating a signal indicative of said phase 
relationship between the first and second input 
signals; means for detecting when said phase rela- 
tionship between the first and second input signals 
is outside a predetermined desired range; and 
means responsive to the detecting means for decou- 
pling said first and second signals from said gener- 
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ating means when said phase relationship is outside 
the predetermined desired range. 

2. A phase detector circuit operative in response to 
first and second input signals comprising means for 
generating a signal indicative of the phase relationship 
between the first and second input signals as described 
in claim 1 wherein said first input signal is a reference 
signal and said second input signal is a signal of variable 
frequency. 

3. A phase detector circuit operative in response to 
first and second input signals comprising means for 
generating a signal indicative of the phase relationship 
between the first and second input signals as described 
in claim 2 wherein said generating means comprises a 
differential phase detector. 

4. A phase detector circuit operative in response to 
first and second input signals comprising means for 
generating a signal indicative of the phase relationship 
between the first and second input signals as described 
in claim 3 wherein said detecting means comprises pro- 
portional phase detector means. 

5. A phase detector circuit operative in response to 
first and second input signals comprising means for 
generating a signal indicative of the phase relationship 
between the first and second input signals as described 
in claim 4 wherein said proportional phase detector 
means comprises: 

a first proportional phase detector for detecting a 
phase relationship between said first and second 
input signals that is greater in magnitude than said 
predetermined desired range; and 

a second proportional phase detector for detecting a 
phase relationship between said first and second 
input signals that is lesser in magnitude than said 
predetermined desired range. 

6. A phase detector for producing an error signal 
indicative of the phase relationship between a clock 
signal R and a variable frequency signal V, comprising: 

a differential phase detector having first and second 
inputs and providing first and second output signals 
which constitute an error signal indicative of the 
phase relationship between said R signal and V 
signal; 

a first AND gate having its output coupled to the first 
input of the differential phase detector and the R 
signal coupled to a first input thereof; 

a second AND gate having its output coupled to the 
second input of the differential phase detector and 
the V signal coupled to a first input thereof; 

a first DC flip flop having its output coupled to a 
second input of the first AND gate and having the 
C input thereof coupled to said V signal; 

a second DC flip flop having its output coupled to a 
second input of the second AND gate and having 
the C input thereof coupled to said R signal; 

a first proportional phase detector having its output 
coupled to the D input of the first DC flip flop and 
its inputs coupled to said R and V signals; and 

a second proportional phase detector having its out- 
put coupled to the D input of the second D-C flip 
flop and its inputs coupled to said R and V signals. 

7. A phase detector for producing an error signal 
indicative of the phase relationship between a clock 
signal R and a variable frequency signal V as described 
in claim 6 further including an integrator coupled to 
said first and second outputs of said differential phase 
detector. 

***** 
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(57) ABSTRACT 

An improved digital phase detector is provided for detecting 
and compensating for a cycle slip between a reference signal 
and a frequency source signal, the reference and frequency 
source signals each comprising pulses, each pulse defined by 
a leading edge and a trailing edge. The digital phase detector 
includes a detector circuit for detecting a cycle slip where 
two successive leading edges of one of the reference and 
frequency source signals are received before a leading edge 
of the other signal is received. An output circuit is opera- 
tively coupled to the detector circuit for developing a 
correction signal responsive to said detecting. 
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SLIP-DETECTING PHASE DETECTOR AND 
METHOD FOR IMPROVING PHASE-LOCK 
LOOP LOCK TIME 

FIELD OF THE INVENTION 

This invention relates to phase detectors, and more 
particularly, a digital phase detector with slip detection 
capability for reducing phase-lock loop lock time. 

BACKGROUND OF THE INVENTION 

A phase-locked loop (PLL), in one form, includes a phase 
detector, a charge pump, a loop filter, a voltage controlled 
oscillator (VCO) a frequency divider, and a reference fre- 
quency signal source. The PLL synthesizes a frequency 
source signal, for example the VCO, based on the reference 
frequency signal source (reference signal), for example a 
crystal oscillator. The phase detector keeps the frequency 
source and reference signals at its input equal in frequency 
and phase by determining a phase mismatch between the 
divided frequency source and reference signals, and activat- 
ing the charge pump based on the amount of phase mis- 
match. Because of device physics, loop dynamics and sys- 
tem architecture, the correction cannot be made 
instantaneously, resulting in a finite time between the 
detected phase mismatch between the reference and fre- 
quency source signals and the correction of the frequency 
source signal. The time for the frequency source signal to 
achieve its intended frequency (reference frequency) is 
called the "lock time" of the PLL. 

A digital phase detector may consist of flip-flops clocked 
by the edges of derivatives of the reference and frequency 
source signals. If one edge arrives before the other, a charge 
is transferred to or from a loop filter that changes the 
frequency of the frequency source to align the edges. The 
amount of charge transferred (the amount of correction) 
depends on the time difference between the edges of the 
reference and frequency source signals. However, the oper- 
ating range of the digital phase detector is only -2k to 2rc. 
An edge of the reference signal must be received for each 
edge of the frequency source signal for proper correction to 
occur. If the difference between the reference and frequency 
source signals is too great, two edges may appear at an input 
before the corresponding edge arrives at the other input. 
Such a situation is called a cycle slip, and leads to an 
improper correction, causing increased PLL lock time. 

One solution to overcome the cycle slip is to extend the 
range of the digital phase detector. When extending the 
range, edges of the reference and frequency source signals 
are each accounted for, and as long as one input of the 
detector has received more edges than the other input, a 
correction is enabled. However, a disadvantage of simply 
extending the range of the phase detector is the increased 
overshoot in the frequency source control voltage. In 
voltage-limited applications, the tuning sensitivity of the 
voltage- control led oscillator must be increased, resulting in 
higher noise, or the control voltage will reach a limit where 
it clips. Should the control voltage clip, the improvements in 
PLL lock time from using the extended range digital phase 
detector would be lost or even reversed. 

The present invention is directed to overcoming one or 
more of the problems discussed above in a novel and simple 
manner. 

SUMMARY OF THE INVENTION 

In accordance with the invention, there is disclosed a 
digital phase detector (PD) having a slip detection circuit for 
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detecting and compensating for a cycle slip, providing 
improved phase lock loop (PLL) lock time without clipping 
a control voltage of the voltage controlled oscillator. 
In one aspect of the invention, an improved digital phase 

5 detector for detecting and compensating for a cycle slip , 
between a reference signal and a frequency source signal, 
the reference and frequency source signals each comprising 
pulses, each pulse defined by a leading edge and a trailing 
edge, includes a detector circuit for detecting a cycle slip 

1Q where two successive corresponding edges of one of the 
reference and frequency source signals are received before 
a respective corresponding edge of the other signal is 
received. An output circuit is operatively coupled to the 
detector circuit for developing a correction signal responsive 

i5 to detecting a cycle slip. 

In one feature of the invention, the detector circuit 
includes a PD for detecting a first edge of the two successive 
corresponding edges by detecting reception of one of a first 
frequency source pulse edge and a first reference signal 

20 pulse edge, and for developing a PD frequency-increase 
signal where the first edge is the first reference signal pulse 
leading edge, and developing a PD frequency-decrease 
signal where the first edge is the first frequency source signal 
pulse edge. A slip detection (SD) circuit is operatively 

25 coupled to the phase detector for receiving the reference and 
frequency source signals, and for detecting a second corre- 
sponding edge of the two successive corresponding edges by 
detecting a second corresponding reference signal edge 
corresponding to the first reference signal pulse edge while 

30 the frequency-increase signal is being provided, and for 
detecting a second corresponding frequency source pulse 
edge corresponding to the first frequency source pulse edge 
while the frequency-decrease signal is being provided. An 
SD frequency-increase signal is developed when the second 

35 corresponding reference signal pulse edge is detected, and 
an SD frequency-decrease signal is developed when the 
second corresponding frequency source pulse edge is 
detected. 

In a further feature, the PD includes a pair of edge- 
40 triggered resettable flip-flops and the frequency source sig- 
nal and the reference signal are clock signals for the flip- 
flops. 

In another feature, the SD circuit includes a first counter 
and a second counter. The cycle slip is detected at the first 

45 counter when the second corresponding reference signal 
pulse edge is received at a first counter clock input while the 
PD frequency-increase signal is provided at a first counter 
comparator input, causing the first counter to load a first 
specified value and to provide the SD frequency-increase 

50 signal at a first counter output for the number of correspond- 
ing reference signal pulse edges equaling the first specified 
value. The cycle slip is detected at the second counter when 
the second corresponding frequency source pulse edge is 
received at a second counter clock input while the PD 

55 frequency-decrease signal is provided at a second counter 
comparator input, causing the second counter to load a 
second specified value and to provide the SD frequency- 
decrease signal at a second counter output for the number of 
corresponding frequency source pulse edges equaling the 

60 second specified value. 

In yet a further feature, the first and second counters each 
have a permit load input, and including a controller coupled 
to the permit load inputs for allowing the first and second 
counters to be loaded while the respective counter is count - 

65 ing. 

In a further feature, the first and the second counters each 
include a counter specified value input, and a controller 
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coupled to the specified value inputs provides the first and 
second specified values. 

In a farther feature, the correction signal includes at least 
one of an output frequency-increase signal and an output 
frequency-decrease signal, and the output circuit includes a 5 
first OR logic gate for developing the output frequency- 
increase signal responsive to the PD frequency-increase 
signal and the SD frequency-increase signal. The output 
circuit also includes a second OR logic gate for developing 
the output frequency-decrease signal responsive to the PD 10 
frequency-decrease signal and the SD frequency-decrease 
signal. 

In another feature of the invention, the improved digital 
PD includes a controller coupled to the detector circuit and 
the output circuit for controlling duration of the correction 35 
signal. 

In yet another feature of the invention, the two successive 
corresponding edges of one of the reference and frequency 
source signals are two successive leading edges of one of the 2Q 
reference and frequency source, and the respective corre- 
sponding edge of the other signal is a leading edge of the 
other signal. 

In another aspect of the invention, an improved digital 
phase detector for detecting and compensating for a cycle 25 
slip between a reference signal and a frequency source 
signal, the reference signal and the frequency source signal 
each comprised of pulses defined by leading edges and 
trailing edges, includes a phase detector for receiving and 
detecting a phase difference between the reference signal 30 
and the frequency source signal, and developing a PD 
frequency-increase signal where a phase of the frequency 
source signal is lagging a phase of the reference signal, and 
a PD frequency -decrease signal where the phase of the 
frequency source signal is leading the phase of the reference 35 
signal. A slip detection circuit is operatively coupled to the 
phase detector, for receiving the reference signal and the 
frequency source signal, and for detecting slip between the 
reference signal and the frequency source signal, the SD 
circuit developing a SD frequency-increase signal where the 40 
phase detector is providing the PD frequency-increase signal 
and a reference signal pulse edge is detected by the SD 
circuit, and a SD frequency-decrease signal where the phase 
detector is providing the PD frequency-decrease signal and 
a frequency source signal pulse edge is detected by the SD 45 
circuit. An output circuit is operatively coupled to the phase 
detector and SD circuit for developing an output frequency- 
increase signal responsive to the PD and SD frequency- 
increase signals, and an output frequency-decrease signal 
responsive to the PD and SD frequency-decrease signals. 50 

In a feature of the invention, the PD includes a pair of 
edge-triggered resettable flip-flops and the frequency source 
signal and the reference signal are clock signals for the 
flip-flops. 

In another feature, the SD circuit includes a first counter 55 
and a second counter. Slip is detected at the first counter 
when a reference signal pulse edge is received at a first 
counter clock input while the PD frequency-increase signal 
is provided by the phase detector, causing the first counter to 
load a first specified value and provide the SD frequency- 60 
increase signal at a first counter output for the number of 
reference signal pulses equaling the first specified value. 
Slip is detected at the second counter when a frequency 
source signal pulse edge is received at a second counter 
clock input while the PD frequency-decrease signal is pro- 65 
vided by the phase detector, causing the second counter to 
load a second specified value and provide the SD frequency- 
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decrease signal at a second counter output for the number of 
frequency source signal pulses equaling the second specified 
value. 

In a further feature, the first counter includes a first 
counter specified value input and the second counter 
includes a second counter specified value input, and a 
controller is coupled to the first and second counter specified 
value inputs for providing the first and second specified 
values respectively. 

In still another feature, the first and second counters each 
have a permit load input, and a controller is coupled to the 
permit load inputs for allowing the first and second counters 
to be loaded while the respective counter is counting. 

In another feature of the invention, the output circuit 
includes a first OR logic gate for developing the output 
frequency-increase signal responsive to the PD frequency- 
increase signal and the SD frequency-increase signal. The 
output circuit also includes a second OR logic gate for 
developing the output frequency-decrease signal responsive 
to the PD frequency-decrease signal and the SD frequency- 
decrease signal. 

In another aspect of the invention, a method for detecting 
and compensating for a cycle slip between a reference signal 
and a frequency source signal, the reference and frequency 
source signals each comprising pulses, each pulse defined by 
a leading edge and a trailing edge, includes detecting a cycle 
slip where two successive corresponding edges of one of the 
reference and frequency source signals is received before a 
respective corresponding edge of the other signal. A correc- 
tion signal is developed responsive to detecting a cycle slip. 

In a feature of the invention, the step of detecting a cycle 
slip includes detecting a first edge of the two successive 
corresponding edges by detecting reception of one of a first 
frequency source pulse edge and a first reference signal 
pulse edge, and developing a PD frequency-increase signal 
where the first edge is the first reference signal pulse edge, 
and developing a PD frequency-decrease decrease signal 
where the first edge is the first frequency source pulse edge. 
A second corresponding edge of the two successive corre- 
sponding edges is detected by detecting a second corre- 
sponding reference signal pulse edge corresponding to the 
first reference signal pulse edge while the PD frequency- 
increase signal is being provided, and by detecting a second 
corresponding frequency source pulse edge corresponding 
to the first frequency source pulse edge while the PD 
frequency-decrease signal is being provided. An SD 
frequency-increase signal is developed when the second 
corresponding reference signal pulse edge is detected, and 
an SD frequency-decrease signal is developed when the 
second corresponding frequency source pulse edge is 
detected. 

In a further feature, the step of providing the SD 
frequency-increase signal includes loaddng a first counter 
with a first specified value where the PD frequency-increase 
signal is detected at a first counter load input while the 
second corresponding reference signal pulse edge is detected 
at a first counter clock input. The SD frequency-increase 
signal is provided at a nonzero output of the first counter 
while the first counter is counting from the first specified 
value to zero. 

In a further feature yet, the first counter is permitted to 
reload the first specified value while the first counter is 
counting from the first specified value to zero. 

In a further feature, the step of loading the first counter 
with the first specified value includes determining the first 
specified value at a controller coupled to a first counter 
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specified value input, and providing the first specified value In a further feature, the first counter is permitted to reload 

to the first counter specified value input. the first specified value while the first counter is counting 

In a further feature of the invention, the step of providing from the first specified value to zero. 

the SD frequency-decrease signal includes loading a second In a father feature, loading the first counter with the first 

counter with a second specified value where the PD 5 specified value includes determining the first specified value 

frequency-decrease signal is detected at a second counter at a conlroller coupled t0 a firsl counter spec ified value input 

load input while the second corresponding frequency source and idin me first ^ value t0 the ^ 

pulse edge is detected at a second counter clock input. The . a , , . . r 

£~ r 6 , , . -j j * a specified value input. 

SD frequency-decrease signal is provided at a second r r 

counter nonzero output while the second counter is counting Q In another feature of the invention, providing the SD 

from the second specified value to zero, frequency-decrease signal includes loading a second counter 

In a further feature, the second counter is permitted to with a specified value where the PD frequency- 
reload the second specified value while the second counter decrease signal is detected at a second counter load input 
is counting from the second specified value to zero. while the frequency source signal pulse edge is detected at 

In a further feature, the step of loading the second counter a second counter clock input. The SD frequency^decrease 

with the second specified value includes determining the signal is provided at a second counter nonzero output while 

second specified value at a controller coupled to a second the second counter is counting from the second specified 

counter specified value input, and providing the second value to zero. 

specified value to the second counter specified value input. I Q a further feature, the second counter is permitted to 

In a further feature, the step of developing a correction 2(J reload the second specified value while the second counter 

signal includes developing an output frequency-increase is counting from the second specified value to zero, 

signal responsive to the PD frequency-increase signal and i Q a mrme r feature, loading the second counter with the 

the SD frequency-increase signal, and developing an output second specified value includes determining the second 

frequency-decrease signal responsive to the SD frequency- specified value at a controller coupled to a second counter 

decrease signal and the PD frequency-decrease signal. 25 specified value input, and providing the second specified 

In another feature of the invention, developing the cor- value to the second counter specified value input, 
rection signal includes controlling the duration of the cor- In another feature of the inventioilj the output fre quency- 
rection signal. increase signal is provided at an output of a first OR gate 
In yet another feature, detecting a cycle slip where two outpu t where at least one of the PD frequency-increase 
successive corresponding edges of one of the reference and 30 s i gna i an( j t he SD frequency-increase signal is being pro- 
frequency source signals is received before a respective vided to the first OR gate 

corresponding edge of the other signal includes detecting the , Q anQther fca ^ Q & decrease si j is 

cycle slip where two successive leadmg edges of one of the Wed „ aQ of a QR ^ 

reference and frequency source signals is received before a f t c tU c . • 1 j *i_ or* 

leadin ed e of the other si nal ° ne frequency-decrease signal and the SD 

- . 35 frequency-decrease signal is being provided to the second 

In another aspect of the invention, a method of detecting qr g ate 

and compensating for a cycle slip between a reference signal 

and a frequency source signal in a digital phase detector, the BRIEF DESCRIPTION OF THE DRAWINGS 

reference signal and the frequency source signal each com- . . , L1 , ,. c ... 

prised of pulses defined by leading edges and trailing edges, 40 A ™/ 1 * IfT^ dm&mi f * ^ 'lip 

includes receiving a reference signal pulse and a frequency det ^° n d ^ a l P hase , detector in accordance Wlth an 

source signal pulse. Aphase difference is detected, and a PD embodiment of the invention; 

frequency-increase signal is provided where a phase of the FIG - 2 shows a sll P detection digital phase detector circuit 

frequency source signal is lagging a phase of the reference of FIG. 1 in greater detail; 

signal, and a PD frequency-decrease signal is provided 45 FIG. 3 is a functional block diagram of a phase locked 

where the phase of the frequency source signal is leading the loop using the slip detection digital phase detector in accor- 

phase of the reference signal An SD circuit frequency- dance with an embodiment of the invention; and 

increase signal is developed where the PD frequency- FIG. 4 is a flow chart showing the steps to compute a load 

increase signal is being provided and a reference signal value for the slip detection digital phase detector in accor- 

pulse edge is detected at an SD reference signal input, and 50 dance with an embodiment of the invention, 
an SD frequency-decrease signal is developed where the PD 

frequency-decrease signal is being provided and a frequency DETAILED DESCRIPTION OF THE 

source signal pulse edge is detected at an SD frequency PREFERRED EMBODIMENT 

source signal input. Responsive to the PD frequency- Many of the disadvantages present with using a typical 

increase signal and the SD frequency-increase signal, an 55 phase detector and an extended-range phase detector are 

output frequency-increase signal is provided, and responsive overcome by using a phase detector having a slip detection 

to the PD frequency-decrease signal and the SD frequency- circuit and an output circuit. PI I lock times are reduced 

decrease signal, an output frequency-decrease signal is pro- compared to the typical PD. In voltage-limited applications, 

vided. the tuning sensitivity of a voltage controlled oscillator 

In a feature of the invention, providing the SD frequency- 60 (VCO) need not be changed to prevent clipping of a VCO 

increase signal includes loading a first counter with a first voltage control signal. Additionally, having a controller for 

specified value where the PD frequency- increase signal is selecting a predetermined time period during which a cor- 

detected at a first counter load input while the reference rection is to be made by the slip detection circuit provides 

signal pulse edge is detected at a first counter clock input, versatility, as the controller is able to tailor the phase 

and providing the SD frequency-increase signal at a nonzero 65 detector with slip detection circuit to a specific situation. For 

output of the first counter while the first counter is counting example, where an operating frequency is altered by several 

from the first specified value to zero. frequency steps, a greater value for the predetermined time 
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period is desired than where the operating frequency is difference between reception of the frequency source signal 

altered by just one or two frequency steps. pulse and the reference signal pulse at the PD 310. 

Generally, the invention relates to a system and method A slip condition is detected at the first SD 315 where the 

for implementing a phase detector having a slip detection PD frequency-increase signal is detected at the first SD 

circuit and an output circuit. Thus, many disadvantages 5 comparator input 352 while the reference signal pulse is 

present with using a typical phase detector and an extended- received at the first SD trigger input 338. However, because 

range phase detector are overcome. The invention disclosed of a propagation delay of the PD 310, the slip condition is 

further relates to a system and method for using a controller not detected by the first SD 315 until a second reference 

to provide a predetermined time period during which a signal pulse of the reference signal 335 is received at the 

correction is to be made by the slip detection circuit. Such 10 reference input 336 before the frequency source signal pulse 

a controller provides versatility, as the controller is able to is received at the frequency source input 342. Thus, if the 

tailor the phase detector with slip detection circuit to a second reference signal pulse is received at the reference 

specific situation. input 336 before the frequency source signal pulse is 

In one embodiment of the invention, a slip detection received at the frequency source input 342, the second 
circuit is provided for detecting a cycle slip (slip condition) 35 reference signal pulse will be received at the first SD trigger 
between a reference signal and a frequency source signal, in P ul 338 wmle tne PD frequency-increase signal is being 
and forcing a correction to compensate for the detected slip provided to the first SD comparator input 352, thereby 
condition. The slip detection circuit improves PLL lock time causing the first SD 315 to detect the slip condition. When 
over a typical digital phase detector (PD). The PLL lock time the sli P condition is detected at the first SD 315, the SD 
is reduced without a significant change in the control 20 frequency-increase output 360 provides an SD frequency- 
voltage, as compared with the extended range phase increase signal to the first output circuit 325 for a specified, 
detector, thereby decreasing the chance for clipping of the or predetermined time period. 

control voltage signal. A slip condition is detected at the second SD 320 in the 

FIG. 1 illustrates a cycle slip detection digital phase sa me fashion as at the first SD 315, except the second SD 

detector (SDPD) 300 in accordance with an embodiment of 2 5 320 looks at the PD frequency-decrease signal at the second 

the invention. The SDPD 300 includes a phase detector (PD) SD comparator input 356 and the frequency source signal 

310, a first slip detection (SD) circuit 315 and a second SD at the second SD trigger input 344. When a slip 

320 coupled to the phase detector 310, a first output circuit condition is detected at the second SD 320, an SD 

325 coupled to the first SD circuit 315 and the PD 310, and frequency-decrease signal is provided at the SD frequency- 

a second output circuit 330 coupled to the second SD circuit 30 decrease output 365 for the predetermined time period. 

320 and the PD 310. A reference signal 335, for example a The first output circuit 325 provides an output circuit 

crystal oscillator signal, is coupled to a PD reference input frequency-increase signal to the charge pump where at least 

336 of the PD 310, and to a first SD trigger input 338 of the one of the SD frequency -increase signal or the PD 

first SD 315. A frequency source signal 340, for example a frequency-increase signal is received at the SD frequency- 

VCO signal, is coupled to a PD frequency source input 342 35 increase input 362 or the PD frequency-increase input 354 of 

of the PD 310, and to an second SD trigger input 344 of the the first output circuit 325. Similarly, an output circuit 

second SD 320. The reference signal 335 and the frequency frequency-decrease signal is provided at the output circuit 

source signal 340 are pulse signals at the frequency of the frequency-decrease output 380 where at least one of an SD 

source, formed by taking the derivative of the respective frequency-decrease signal or a PD frequency-decrease sig- 

source signal. A PD frequency-increase output 350 of the PD 40 rial is received at the SD frequency-decrease input 370 or a 

310 is coupled to a first SD comparator input 352 of the first PD frequency-decrease input 358 of the second output 

SD 315. The PD frequency-increase output 350 is further circuit 330. 

coupled to a PD frequency-increase input 354 of the first The specified, or predetermined time period is a period of 
output circuit 325. A PD frequency-decrease output 355 of time for which a correction must be provided to overcome 
the PD 310 is coupled to a second SD comparator input 356 45 the slip condition detected by the first SD 315 or the second 
of the second SD 320, and to a PD frequency -decrease input SD 320. The predetermined time period may be a fixed value 
358 of the second output circuit 330. An SD frequency- provided to the first SD 315 and second SD 320, or may be 
increase output 360 of the first SD 315 is coupled to an SD a variable time period provided to the first SD 315 and the 
frequency-increase input 362 of the first output circuit 325. second SD 320 by a controller (not shown). The method 
An SD frequency-decrease output 365 of the second SD 320 50 used by the controller in determining the predetermined time 
is coupled to an SD frequency-decrease input 370 of the period is further discussed below in relation to FIG. 4. 
second output circuit 330. An output circuit frequency- FIG. 2 shows the slip detection digital phase detector 
increase output 375 of the first output circuit 325 is coupled circuit 300 in greater detail. The PD 310 includes a first 
to a charge pump circuit (not shown). An output circuit edge-triggered D-type flip-flop (DFF) 400, a second edge- 
frequency-decrease output 380 of the second output circuit 55 triggered DFF 402 and a 2- input NAND gate 404. The PD 
330 is also coupled to the charge pump circuit. reference input 336 is a clock input of the first DFF 400, and 
In operation, where the reference signal pulse of the the PD frequency source input 342 is a clock input for the 
reference signal 335 is received at the PD 310 before the second DFF 402. The "D" input for the first and second DFF 
frequency source signal pulse of the frequency source signal 400 and 402 are coupled to +Vcc ("1"). The PD frequency- 
340, a PD frequency-increase signal is generated at the PD 60 increase output 350 is the "Q" output of the first DFF 400, 
frequency-increase output 350 for a duration of time equal and the PD frequency-decrease output 355 is the "Q" output 
to the time difference between reception of the reference of the second DFF 402. The PD frequency- increase output 
signal pulse and the frequency source signal pulse at the PD 350 is coupled to one of the inputs of the 2-input NAND gate 
310. Where the frequency source signal pulse is received at 404, and the PD frequency-decrease output 355 is coupled 
the PD 310 before the reference signal pulse, a PD 65 to the other input of the 2-input NAND gate 404. An output 
frequency-decrease signal is generated at the PD frequency- of the NAND gate 404 is coupled to the reset inputs of the 
decrease output 355 for a duration of time equal to the time first and second DFFs 400 and 402. 
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The first SD 315 includes an edge-triggered counter 406, signal pulse of the frequency source signal 340. When the 
here an 8-bit counter sufficient for counting down from 255, leading edge of the second reference signal pulse is received 
a first 2-input AND gate 408, a first 2-input OR gate 410, and before the leading edge of the frequency source pulse, the 
a first inverter gate 412. The first SD trigger input 338 is a leading edge of the second reference signal pulse is received 
clock input of the counter 406, the first SD comparator input 5 at the first SD trigger input 338 while a logical "1" is 
352 is an s-load input of the counter 406, and the SD provided at the first SD comparator input 352. Thus, when 
frequency-increase output 360 is the nonzero output of the the PD 310 is providing a correction at the PD frequency- 
counter 406, which generates a logic "1" while the counter increase output 350 while a reference signal pulse leading 
406 is counting. The reference signal 335 is coupled to both edge is received at the first SD trigger input 338, the counter 
the PD reference input 336 of the first DFF 400 and to the 10 406 loads the load value provided at the load value input 
first SD trigger input 338 of the counter 406. The SD 424, and begins counting from the load value to zero. The 
frequency-increase output 360 is coupled to a count enable SD frequency-increase output becomes logical "1", forcing 
input of the counter 406, which enables the counter 406 to a correction at the first output circuit 325 for the number of 
count while a logical "1" is provided, and to an input of the reference signal pulses received at the first SD trigger input 
first inverter gate 412. An output of the inverter gate 412 is 15 338 equaling the load value. 

coupled to one of the inputs of the 2-input OR gate 410. An Because of the propagation delay of the first DFF 400, a 
output of the OR gate 410 is coupled to one of the inputs of leading edge of a first reference signal pulse provided to the 
the 2-input AND gate 408. The other input of the 2-input nrst SD trigger input 338 is not present when the PD 
AND gate 408 is coupled to the PD frequency-increase frequency-increase signal is provided at the PD frequency- 
output 350 of the first DFF 400. The output of the AND gate 20 increase output 350, preventing the counter 406 from load- 
408 is coupled to the first SD comparator input 352. ing the load value prov ided at the load value terminal 424. 

A second input of the 2-input OR gate 410 is coupled to However, where the leading edge of the second reference 

a permit-load terminal 422, which may be coupled to a signal pulse is received at the SDPD 300 before the fre- 

controller (not shown). A counter value input 440 of the quency source signal pulse is received at the frequency 

counter 406 is coupled to a load value terminal 424, which 25 source input 342, the leading edge of the second reference 

may also be coupled to the controller. The load value signal pulse is present at the first SD trigger input 338 while 

terminal 424 provides a load value to the counter value input the first AND gate 408 is providing a "1" to the first SD 

440, which governs the predetermined time period for which comparator input 352, causing the counter 406 to load the 

a correction will be provided when a slip condition is load value and begin counting, thereby forcing the correc- 

detected. Although shown as a single signal line, the con- 30 tion. 

nection from the counter value input 440 to the load value when the counter 406 is counting, the SD frequency- 
terminal 424 may be a plurality of lines sufficient for increase output 360 becomes a "1", providing a "1" to the 
providing a binary load value for the counter 406. For count enable input of the counter 406, enabhng the counter 
example, where the counter 406 is an 8-bit counter for 406 to count down from the load value to zero, clocked by 
counting down from 255, eight signal lines would be pro- 35 subsequent pulses of the reference signal 335. Further, a "1" 
vided coupling the load value terminal 424 to the counter prese nt at the SD frequency-increase output 360 provides a 
value input 440. zero to tne ^ input of tne ^ 0R gate 410 via the i overter 

The second SD 320 is constructed in an identical fashion 412, thereby providing a zero to one of the inputs of the 
and will not be described in detail. 2-input AND gate 408, preventing the counter 406 from 
The first output circuit 325 includes an output circuit re -loading the load value from the load value terminal 424 
2-input OR gate 426, where the SD input 362 is one input until the counter 406 has completed counting from the load 
of the OR gate 426, and the PD input 354 is the other input value to zer0 - While the counter 406 is counting from the 
of the OR gate 426. The SD frequency-increase output 360 I° ad value to zero, the SD frequency-increase output 360 
is coupled to the SD input 362 of the output circuit OR gate 45 causes the first output circuit 325 to provide the output 
426, and the PD frequency-increase output 350 is coupled to 45 circuit frequency-increase signal from the output circuit 
the PD input 354 of the output circuit OR gate 426. The frequency-increase output 375 to the charge pump, 
output circuit frequency-increase output 375 is an output of The second SD 320 and second output circuit 330 operate 
the OR gate 426, and is coupled to the charge pump circuit in an identical fashion and will not be discussed, 
(not shown). The second output circuit 330 is constructed in 5Q In a further embodiment, the permit load terminal 422 
an identical fashion and will not be discussed in detail. m ay provide a "1" to the first OR gate 410, thereby permit- 
In the preferred embodiment, the first and second DFFs ting the counter 406 to be reloaded when additional slip 
400 and 402 and the counter 406 are leading edge-triggered, conditions are detected at the first SD 315 while a correction 
where the DFFs and counter are only triggered on the rising is being made. In this embodiment, the permit load terminal 
edge of a signal. 55 422 may be coupled to a controller (not shown) which 
When waiting for a slip condition to occur, the SD provides the value to the permit load terminal 422 based on 
frequency-increase output 360 is at logical "0", causing a channel characteristics of the received signal. Alternatively, 
"1" at the output of the inverter gate 412, and in turn tne permit load terminal may be hardwired to provide a 
providing a logical "1" to one of the inputs of the two-input logical "1" or "0". 

AND gate 408 via the OR gate 410. At this time, the SDPD 60 The load value terminal 424 may be hardwired with a 

300 acts like the typical phase detector circuit as is known specific load value. Alternatively, the load value terminal 

in the art. The slip condition is detected by the first SD 315 424 may be coupled to the controller, where the controller 

when two successive corresponding edges of the reference provides the value to be loaded to the counter 406, further 

signal 335, for example leading edges of two successive discussed in relation to FIG. 4. In a preferred embodiment, 

reference signal pulses of the reference signal 335, are 65 the load value terminal provides a value of 31 to the counter 

received before a respective corresponding edge of the other 406, thereby causing a correction lasting 31 reference signal 

signal, for example a leading edge of a frequency source pulses when slip is detected by the first SD 315. 
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FIG. 3 is a functional block diagram of a PLL500 using experimentally for the specific system, and the table may 

the SDPD 300 in accordance with an embodiment of the include a single load value, or a plurality of load values. Step 

invention. In this case, the PLL 500 may be used in a cellular 610 may also be accomplished using a formula present in the 

telephone, where the output of the PLL is provided to a controller, where the load value is a function of the fre- 

mixer in the cellular telephone for mixing a received signal 5 quency step, and takes into account characteristics of the 

to an intermediate or a baseband frequency. An oscillator charge pumpj the loop ^ iCT arid voltage controlled oscilla- 

505 for providing a reference signal is coupled to a fre- tor ^ controller then outputs the load value to the counter 

quency divider 510, which divides the reference signal by a value input 440 of the 406 as showQ in step 620 ^ 

factor "R", providing the reference signal 335 to the PD channel step ^ then performed, as shown in step 630, where 

reference input 336 of the PD 300. A charge pump 525 is 10 a device ^ which the SDPD 300 ^ disposed changes the 

coupled to the output circuit frequency-increase output 375 operating frequency to the target frequency. In step 640, it is 

and the output circuit frequency-decrease output 380. The determined whether the PLL has locked. A lock detection 

charge pump 525 is coupled to a loop filter 530 for filtering circuit> known in the arl? indicates t0 the controller whet h er 

an output signal from the charge pump 525, for use as a the PLL has lockecL if the PLL has locked, a default load 

control signal for a VCO 535. An output of the VCO 535 is 15 value ^ provided t0 the counter of the SDPD 300, shown in 

coupled to an input 550 of a frequency source frequency step 650 where lhe default load value is typically much less 

divider 555, which divides a frequency provided at the input thaa the load value determined in step 610. However, if the 

550 by a value of «N". An output of the frequency source PLL has not locked> the method returQS to step 640 , whe re 

frequency divider 555 is coupled to the frequency source the SDPD 300 prov ides corrections until the PLL is deter- 

mput 342. A controller 565 in the form of a programmed 20 mined t0 have i ockedt 

microprocessor is coupled to the permit load terminal 422 T . , . ,. « * , , -j,. 

j ,t5 t , , t . , A - A r , ■ » ,i i j In an alternate embodiment, the load value provided to the 

and the load value terminal 424, and may provide the load , AM i A ** u i! i_ j j ■ *u i i ■ 

, j / •* i j ■ i * cr\nn iaa n. counters 406 and 414 could be changed during the locking 

value and/or a permit load signal to the SDPD 300. The 4 • 4 * i L L i • L 7 j i ™ 

* 11 eAn • c *u i j * tu * * c transient, for example by halving the load value every 50 us. 

controller 540 is further coupled to the output frequency ^ . \ , , * r v iL 

j. -« . , r i(XT „ 4 u- u *u c- This would reduce the amount of shp compensation as the 

divider 555, providing the value "N at which the frequency c • , « . . 

r . . ___ . # • i u 25 frequencies at the phase detector inputs become closer, 

source frequency divider 555 is to operate, as is known by y . , r f . . * . . 0 ' 

,.„ ,/ . r™ 4 4 -A ,J AWf ■ c reducing the chance for voltage overshoot. Further, the 

one skilled in the art. The output of the VCO 535 is further . t ° . t . . Tj • « u j 

, , t mT . + cac u- u • j c permit load terminal 422 could initially be active and 

coupled to a PLL output 545, which provides a frequency r . , , . . , . A . . . . ... 

♦ • i f M/c \m * • / * u \ e • • switched inactive during the locking transient, preventing 

output value of N(fin)/R to a mixer (not shown) for mixing it _ c , f. iL 6 . , jL & 

. . . , \ ' hi * i l . • . j . . the counters from re-loadine until the correction made by the 

a signal received at the cellular telephone to an intermediate £ , ™ . or ^ , , , , J 

. . * r ■ i i j. « • i first SD 315 or second SD 320 has been completed, 

or a baseband frequency, where fin is the frequency provided r 

by the oscillator 505 Thus, having the controller which provides a variable load 

Having the slip detection digital phase detector allows a val ^ 10 SDPD 300 provides versatility, as the controller 

slip condition to be detected, and a correction to be forced J? ab l e 10 { f 0T the P hase d * ector ^ sh P detection circuit 

for the predetermined time period to compensate for the slip 35 based on tbe s f Clfic opiating conditions, for example the 

condition. In this way, the PLL lock time is improved over chan S e m ^ frequency step. 

that of a typical digital phase detector without a significant 0ne skilled in the arl would realize that although the shp 

change in the control voltage, as compared with the detection digital phase detector has been explained in the 

extended range phase detector, thereby decreasing the context of a cellular telephone, the slip detection digital 

chance for clipping of the control voltage. 40 P hase detector may be used in any context a digital phase 

In another embodiment of the invention, a controller is detector * needed ' for sample, RADAR and computer disk 

provided for selecting the predetermined time period during drives. 

which a correction is to be made by the shp detection circuit. 0ne skilled in the art would further realize that although 

The predetermined time period is governed by the load value the first and second DFFs 400 and 402, and the counter 406 

determined by the controller. Having the controller which 45 have been described as leading edge-triggered circuits, the 

provides a variable load value to the SDPD 300 provides first ana 1 second DFFs and counter may alternatively be 

versatility, as the controller is able to tailor the phase trailing edge-triggered circuits, where the first and second 

detector with slip detection circuit to a specific situation. For DFFs and counter are triggered by a trailing edge of the 

example, when the SDPD 300 is used in a cellular telephone, signal. 

and it is necessary to change the operating frequency of the 50 A slip detection digital phase detector is provided having 
cellular telephone, alteration of the operating frequency by the slip detection circuit which allows a slip condition to be 
a small number of frequency channels may require a smaller detected, and permits a correction to be forced for the 
load value than alteration of the operating frequency of the predetermined time period to compensate for the slip con- 
cellular telephone by several frequency channels. dition. PLL lock time is improved over that of a typical 
FIG. 4 is a flow chart showing operation of the controller 55 digital phase detector (DPD) without a significant change in 
to compute a load value for the shp detection digital phase the control voltage, as compared with the extended range 
detector circuit, in accordance with an embodiment of the phase detector, thereby decreasing the chance for clipping of 
invention. At step 600, the frequency step is computed by the control voltage. Further provided is the controller which 
taking the absolute value of the difference between a new, or provides the predetermined time period for a correction to 
target operating frequency and an old, or current operating 60 the SDPD 300. The controller provides versatility, as the 
frequency. The frequency step is scaled into the counter predetermined time period may be tailored based on the 
range by determining the load value to be provided to the specific operating conditions, for example the change in the 
counter 406 via the load value input 424, as shown in step operating frequency. 

610. Step 610 may be accomplished using a table indexed by While particular embodiments of the invention have been 

the frequency step, where a load value is retrieved from the 65 described and illustrated, it should be understood that the 

table based on the frequency step determined in step 600. invention is not limited thereto since modifications may be 

The load values stored in the table may be determined made by persons skilled in the art. The present application 
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contemplates any and all modifications that fall within the 
spirit and scope of the underlying invention disclosed and 
claimed herein. 
Wc claim: 

1. An improved digital phase detector (PD) for detecting 5 
and compensating for a cycle slip between a reference signal 
and a frequency source signal, the reference and frequency 
source signals each comprising pulses, each pulse defined by 

a leading edge and a trailing edge, the digital PD compris- 
ing: no 
a detector circuit for detecting a cycle slip where two 
successive corresponding edges of one of the reference 
and frequency source signals are received before a 
respective corresponding edge of the other signal is 
received; and 15 
an output circuit operatively coupled to the detector 
circuit for developing a correction signal responsive to 
detecting a cycle slip. 

2. The improved digital phase detector of claim 1 wherein 
the detector circuit includes: 20 

a PD for detecting a first edge of the two successive 
corresponding edges by detecting reception of one of a 
first frequency source pulse edge and a first reference 
signal pulse edge, and for developing a PD frequency- 
increase signal where the first edge is the first reference 25 
signal pulse, and developing a PD frequency-decrease 
signal where the first edge is the first frequency source 
signal pulse edge; and 

a slip detection (SD) circuit operatively coupled to the 30 
phase detector for receiving the reference and fre- 
quency source signals, and for detecting a second 
corresponding edge of the two successive correspond- 
ing edges by detecting a second corresponding refer- 
ence signal pulse edge corresponding to the first refer- 35 
ence signal pulse edge while the frequency-increase 
signal is being provided, and by detecting a second 
corresponding frequency source pulse edge corre- 
sponding to the first frequency source pulse edge while 
the frequency -decrease signal is being provided; 4Q 

wherein an SD frequency-increase signal is developed 
when the second corresponding reference signal pulse 
edge is detected, and an SD frequency-decrease signal 
is developed when the second corresponding frequency 
source pulse edge is detected. 45 

3. The improved digital phase detector of claim 2 wherein 
the PD includes a pair of edge-triggered resettable flip-flops 
and the frequency source signal and the reference signal are 
clock signals for the flip-flops. 

4. The improved digital phase detector of claim 2 wherein 50 
the SD circuit includes a first counter and a second counter, 

wherein the cycle slip is detected at the first counter when 
the second corresponding reference signal pulse edge is 
received at a first counter clock input while the PD 
frequency-increase signal is provided at a first counter 55 
comparator input, causing the first counter to load a first 
specified value and to provide the SD frequency- 
increase signal at a first counter output for the number 
of corresponding reference signal pulse edges equaling 
the first specified value, and go 

the cycle slip is detected at the second counter when the 
second corresponding frequency source signal pulse 
edge is received at a second counter clock input while 
the PD frequency-decrease signal is provided at a 
second counter comparator input, causing the second 65 
counter to load a second specified value and to provide 
the SD frequency-decrease signal at a second counter 



output for the number of corresponding frequency 
source pulse edges equaling the second specified value. 

5. The improved digital phase detector of claim 4, wherein 
the first and second counters each have a permit load input, 
and including a controller coupled to the permit load inputs 
for allowing the first and second counters to be loaded while 
the respective counter is counting. 

6. The improved digital PD of claim 4 wherein the first 
and the second counters each include a counter specified 
value input, and further including a controller coupled to the 
specified value inputs for providing the first and second 
specified values, 

7. The improved digital PD of claim 2 wherein the 
correction signal includes at least one of an output 
frequency-increase signal and an output frequency-decrease 
signal, and the output circuit includes: 

a first OR logic gate for developing the output frequency- 
increase signal responsive to the PD frequency - 
increase signal and the SD frequency-increase signal; 
and 

a second OR logic gate for developing the output 
frequency-decrease signal responsive to the PD 
frequency-decrease signal and the SD frequency- 
decrease signal. 

8. The improved digital PD of claim 1 including a 
controller coupled to the detector circuit and the output 
circuit for controlling duration of the correction signal. 

9. The improved digital PD of claim 1 wherein the two 
successive corresponding edges of one of the reference and 
frequency source signals are two successive leading edges of 
one of the reference and frequency source signals, and the 
respective corresponding edge of the other signal is a 
leading edge of the other signal. 

10. An improved digital phase detector for detecting and 
compensating for a cycle slip between a reference signal and 
a frequency source signal, the reference signal and the 
frequency source signal each comprised of pulses defined by 
leading edges and trailing edges, including: 

a phase detector (PD) for receiving and detecting a phase 
difference between the reference signal and the fre- 
quency source signal, and developing a PD frequency- 
increase signal where a phase of the frequency source 
signal is lagging a phase of the reference signal, and a 
PD frequency-decrease signal where the phase of the 
frequency source signal is leading the phase of the 
reference signal; 

a slip detection (SD) circuit operatively coupled to the 
phase detector, for receiving the reference signal and 
the frequency source signal, and for detecting slip 
between the reference signal and the frequency source 
signal, the SD circuit developing a SD frequency- 
increase signal where the phase detector is providing 
the PD frequency-increase signal and a reference signal 
pulse edge is detected by the SD circuit, and a SD 
frequency-decrease signal where the phase detector is 
providing the PD frequency-decrease signal and a 
frequency source signal pulse edge is detected by the 
SD circuit; and 

an output circuit operatively coupled to the phase detector 
and SD circuit for developing an output frequency- 
increase signal responsive to the PD and SD frequency- 
increase signals, and an output frequency-decrease 
signal responsive to the PD and SD frequency-decrease 
signals. 

11. The improved digital phase detector of claim 10 
wherein the phase detector includes a pair of edge-triggered 
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resettable flip-flops and the frequency source signal and the 
reference signal are clock signals for the flip-flops. 

12. The improved digital phase detector of claim 10 
wherein the SD circuit includes a first counter and a second 
counter, 5 

wherein slip is detected at the first counter when a 
reference signal pulse edge is received at a first counter 
clock input while the PD frequency-increase signal is 
provided by the phase detector, causing the first counter 
to load a first specified value and provide the SD io 
frequency-increase signal at a first counter output for 
the number of reference signal pulses equaling the first 
specified value, and 

slip is detected at the second counter when a frequency 
source signal pulse edge is received at a second counter 35 
clock input while the PD frequency-decrease signal is 
provided by the phase detector, causing the second 
counter to load a second specified value and provide the 
SD frequency-decrease signal at a second counter out- 
put for the number of frequency source signal pulses 20 
equaling the second specified value. 

13. The improved digital phase detector of claim 12 
wherein the first counter includes a first counter specified 
value input and the second counter includes a second 
counter specified value input, and further including a con- 25 
troller coupled to the first and second counter specified value 
inputs for providing the first and second specified values 
respectively. 

14. The improved digital phase detector of claim 12 
wherein the first and second counters each have a permit 30 
load input, and including a controller coupled to the permit 
load inputs for allowing the first and second counters to be 
loaded while the respective counter is counting. 

15. The improved digital phase detector of claim 10 
wherein the output circuit includes: 

a first OR logic gate for developing the output frequency- 
increase signal responsive to the PD frequency- 
increase signal and the SD frequency-increase signal; 
and 

40 

a second OR logic gate for developing the output 
frequency-decrease signal responsive to the PD 
frequency -decrease signal and the SD frequency- 
decrease signal. 

16. A method for detecting and compensating for a cycle 45 
slip between a reference signal and a frequency source 
signal, the reference and frequency source signals each 
comprising pulses, each pulse defined by a leading edge and 

a trailing edge, the method comprising: 
detecting a cycle slip where two successive corresponding 50 

edges of one of the reference and frequency source 

signals are received before a respective corresponding 

edge of the other signal; and 
developing a correction signal responsive to detecting a 

cycle slip. 55 

17. The method of claim 16 wherein the step of detecting 
a cycle slip includes: 

detecting a first edge of the two successive corresponding 
edges by delecting reception of one of a first frequency 
source pulse edge and a first reference signal pulse 60 
edge, and developing a PD frequency-increase signal 
where the first edge is the first reference signal pulse 
edge, and developing a PD frequency-decrease signal 
where the first edge is the first frequency source pulse 
edge; and 65 

detecting a second corresponding edge of the two suc- 
cessive corresponding edges by detecting a second 



35 



corresponding reference signal pulse edge correspond- 
ing to the first reference signal pulse edge while the PD 
frequency-increase signal is being provided, and by 
detecting a second corresponding frequency source 
pulse edge corresponding to the first frequency source 
pulse edge while the PD frequency-decrease signal is 
being provided, wherein an SD frequency-increase 
signal is developed when the second corresponding 
reference signal pulse edge is detected, and an SD 
frequency-decrease signal is developed when the sec- 
ond corresponding frequency source pulse edge is 
detected. 

18. The method of claim 17 wherein the step of providing 
the SD frequency -increase signal includes: 

loading a first counter with a first specified value where 
the PD frequency-increase signal is detected at a first 
counter load input while the second corresponding 
reference signal pulse edge is detected at a first counter 
clock input; and 

providing the SD frequency-increase signal at a non zero 
output of the first counter while the first counter is 
counting from the first specified value to zero. 

19. The method of claim 18 including the step of permit- 
ting the first counter to reload the first specified value while 
the first counter is counting from the first specified value to 
zero. 

20. The method of claim 18 wherein the step of loading 
the first counter with the first specified value includes: 

determining the first specified value at a controller 
coupled to a first counter specified value input; and 

providing the first specified value to the first counter 
specified value input. 

21. The method of claim 17 wherein the step of providing 
the SD frequency-decrease signal includes: 

loading a second counter with a second specified value 
where the PD frequency-decrease signal is detected at 
a second counter load input while the second corre- 
sponding frequency source pulse edge is detected at a 
second counter clock input; and 

providing the SD frequency-decrease signal at a second 
counter nonzero output while the second counter is 
counting from the second specified value to zero. 

22. The method of claim 21 including the step of permit- 
ting the second counter to reload the second specified value 
while the second counter is counting from the second 
specified value to zero. 

23. The method of claim 21 wherein the step of loading 
the second counter with the second specified value includes: 

determining the second specified value at a controller 
coupled to a second counter specified value input; and 

providing the second specified value to the second counter 
specified value input. 

24. The method of claim 17 wherein the step of devel- 
oping a correction signal includes: 

developing an output frequency-increase signal respon- 
sive to the PD frequency-increase signal and the SD 
frequency-increase signal; and 

developing an output frequency-decrease signal respon- 
sive to the SD frequency-decrease signal and the PD 
frequency-decrease signal. 

25. The method of claim 16 wherein the step of devel- 
oping the correction signal includes controlling the duration 
of the correction signal. 

26. The method of claim 16 wherein the step of detecting 
a cycle slip where two successive corresponding edges of 
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one of the reference and frequency source signals is received 
before a respective corresponding edge of the other signal 
includes detecting the cycle slip where two successive 
leading edges of one of the reference and frequency source 
signals is received before a leading edge of the other signal. 

27. A method of detecting and compensating for a cycle 
slip between a reference signal and a frequency source 
signal in a digital phase detector, the reference signal and the 
frequency source signal each comprised of pulses defined by 
leading edges and trailing edges, comprising: 

receiving a reference signal pulse and a frequency source 
signal pulse; 

detecting a phase dilTerence and providing a phase detec- 
tor (PD) frequency-increase signal where a phase of the 
frequency source signal is lagging a phase of the 
reference signal, and providing a PD frequency- 
decrease signal where the phase of the frequency 
source signal is leading the phase of the reference 
signal; 

providing a slip detector (SD) circuit frequency-increase 
signal where the PD frequency-increase signal is being 
provided and a reference signal pulse edge is detected 
at an SD reference signal input, and providing an SD 
frequency-decrease signal where the PD frequency- 
decrease signal is being provided and a frequency 
source signal pulse edge is detected at an SD frequency 
source signal input; 

responsive to the PD frequency-increase signal and the 
SD frequency-increase signal, providing an output 
frequency-increase signal; and 

responsive to the PD frequency-decrease signal and the 
SD frequency-decrease signal, providing an output 
frequency-decrease signal. 

28. The method of claim 27 wherein the step of providing 
the SD frequency-increase signal includes: 

loading a first counter with a first specified value where 
the PD frequency-increase signal is detected at a first 
counter load input while the reference signal pulse edge 
is detected at a first counter clock input; and 

providing the SD frequency-increase signal at a nonzero 
output of the first counter while the first counter is 
counting from the first specified value to zero. 
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29. The method of claim 28 including the step of permit- 
ting the first counter to reload the first specified value while 
the first counter is counting from the first specified value to 
zero. 

30. The method of claim 28 wherein the step of loading 
the first counter with the first specified value includes: 

determining the first specified value at a controller 
coupled to a first counter specified value input; and 

providing the first specified value to the first counter 
specified value input. 

31. The method of claim 27 wherein the step of providing 
the SD frequency-decrease signal includes: 

loading a second counter with a second specified value 
where the PD frequency-decrease signal is detected at 
a second counter load input while the frequency source 
signal pulse edge is detected at a second counter clock 
input; and 

providing the SD frequency-decrease signal at a second 
counter nonzero output while the second counter is 
counting from the second specified value to zero. 

32. The method of claim 31 including the step of permit- 
ting the second counter to reload the second specified value 
while the second counter is counting from the second 
specified value to zero. 

33. The method of claim 31 wherein the step of loading 
the second counter with the second specified value includes: 

determining the second specified value at a controller 
coupled to a second counter specified value input; and 

providing the second specified value to the second counter 
specified value input. 

34. The method of claim 27 including providing the 
output frequency-increase signal at an output of a first OR 
gate output where at least one of the PD frequency-increase 
signal and the SD frequency-increase signal is being pro- 
vided to the first OR gate. 

35. The method of claim 27 including providing the 
output frequency-decrease signal at an output of a second 
OR gate output where at least one of the PD frequency- 
decrease signal and the SD frequency-decrease signal is 
being provided to the second OR gate. 
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